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a  b  s  t  r  a  c  t
In adults,  the  ability  to  apply  semantic  grouping  strategies  has  been
found  to  depend  on  working  memory.  To  investigate  this  relation  in
children,  two  sort-recall  tasks  (one  without  and  one  with  a group-
ing  instruction)  were  administered  to  6–12-year-olds.  The  role of
working  memory  was examined  by  means  of mediation  analy-
ses  and  by  assessing  whether  children  who  successfully  used  the
semantic  grouping  strategy  had  higher  working  memory  capacity
than  did  children  who  did  not  show  such  strategy  use.  Only  children
aged  8–12  were  able  to  successfully  use  semantic  grouping  strate-
gies  (and  8–9-year-olds  only  after  instruction),  while  strategy  use
was  absent  in  6–7-year-olds.  Both  types  of  analysis  involving  work-
ing  memory  suggested  that, also  in  children,  working  memory  (and
not  short-term  memory)  mediates  the  development  of successful
use  of  the  semantic  grouping  strategy  during  both  encoding  and
retrieval.
© 2012 Elsevier Inc. All rights reserved.
Storage of information in long-term memory (LTM) can be improved by the use of strategies that
organize information in working memory (WM)  prior to encoding. Storage of information in mean-
ingful groups facilitates later retrieval (Dehn, 2008; Shiffrin & Atkinson, 1969; Tulving, 1962). Such
groupings may  be based on perceptual similarities between items, such as a similar color or shape,
or on semantic relatedness, such as belonging to the semantic category “animals” (Lange, Guttentag,
& Nida, 1990; Melkman, Tversky, & Baratz, 1981). Effective employment of grouping strategies aids
children both in daily activities and in academic contexts. For example, children’s organization of basic
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math facts in LTM helps them to recall those facts later to solve larger, more complex mathematical
problems (Geary & Brown, 1991). Learning-disabled children have been reported to make less use of
semantic organizational strategies in a free-recall task and show poorer recall (Bauer, 1977; Torgesen,
1977).
It is thus important to identify the factors involved in children’s ability to apply intentional group-
ing strategies. The present study examines the role of age and conditions and, in particular, the role of
working memory capacity (WMC). By about age 7, children begin to use elementary memory strategies,
such as rehearsal (Ornstein, Baker-Ward, & Naus, 1988; Ornstein & Naus, 1978). Preschoolers spon-
taneously group material based on overlap in perceptual features but not on semantic relationships
(Melkman et al., 1981). When items have strong, well-learned semantic associations (e.g., cow–milk),
grouping strategies are reported to emerge relatively early, at around age 9. However, when items
have low within-category associations (e.g., bird–dolphin), spontaneous application of the semantic
grouping strategy is only reported beginning at age 13 (Bjorklund & de Marchena, 1984; Bjorklund &
Jacobs, 1985).
Such developmental differences can be explained by differing demands on mental resources. When
associations are well-learned, they are activated more or less automatically when seeing or hear-
ing stimuli, requiring no active-grouping strategy (Schneider & Pressley, 1997). When associations
between stimuli are less well-learned, one must actively search for and encode such relationships in
WM (Baddeley, 2000; Daneman & Carpenter, 1980). Because WM has limited capacity and is subject to
development, WM may  affect children’s ability to actively apply semantic memory-grouping strate-
gies. Late development of this ability (Bjorklund & de Marchena, 1984; Bjorklund & Jacobs, 1985)
parallels the recently reported prolonged maturational course of WM into adolescence (Conklin,
Luciana, Hooper, & Yarger, 2007; Diamond, Kirkham, & Amso, 2002; Schleepen & Jonkman, 2010).
The neurobiological source of this late development has been identified as the protracted develop-
ment of a network of prefrontal and parietal brain regions that undergo considerable structural and
functional changes throughout this period (Bunge & Wright, 2007; Luna, Padmanabhan, & O’Hearn,
2010). Furthermore, WM plays an important role in learning complex cognitive activities involving
language, mathematics, and reasoning (Andersson & Lyxell, 2007; Barrouillet & Lepine, 2005; Noel,
2009; Pickering, 2006), perhaps involving strategy use.
A link between WM and the productive application of grouping strategies has been shown in adults.
Individuals with high WM span are more likely than those with a low span to employ a semantic
clustering strategy when retrieving information from LTM in a verbal fluency task (Rosen & Engle,
1997), and those with more effective semantic memory strategies show superior WM (McNamara
and Scott (2001).
To our knowledge, only two studies have explored relations between WM and semantic grouping in
children. Developmental studies have often made use of “sort-recall” tasks (Schneider & Pressley, 1997)
that typically consists of two phases. In the first phase, children are presented with randomly ordered
pictures of objects that belong to different semantic or perceptual categories. They are instructed to
study these pictures for later recall and told they may  move the pictures if they think it will help them
remember. After a short “buffer-clearing” interval, in a second phase children are asked to verbally
report as many pictures as they can. The level of grouping on perceptual or semantic relatedness a
child engages in is evaluated by computing so-called clustering scores (Roenker, Thompson, & Brown,
1971).
Using a sort-recall task, Schneider, Kron, Hunnerkopf and Krajewski (2004) studied differences in
WM among school-aged children who were consistently strategic or utilization deficient (UD) in the
use of the semantic-grouping strategy. Children were assessed at two time points and classified as UD
if their sorting behavior increased significantly across time without corresponding increases in recall.
Consistent strategy users were those children who applied the sorting strategy at both points and
demonstrated consistently high recall. UD children had lower WM scores (measured by the digit span
backward task) than consistent strategy users. In a follow-up study including nine longitudinal mea-
surement points, Kron-Sperl, Schneider, and Hasselhorn (2008) reported that individual differences in
short-term memory (STM) span, but not WMC,  predicted recall performance in 8–10-year-olds who
spontaneously used the semantic grouping strategy. There are, however, several factors that might
explain the absence of a WM-semantic memory grouping relation in this study. The to-be-grouped
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items were highly associated, so that perhaps no deliberate strategy application (requiring WM)  was
needed, as noted earlier.
In conclusion, there is evidence that WM affects adults’ ability to deliberately apply semantic
organization or grouping strategies. There is, however, a lack of information about such relations
in children that may  be potentially important as argued earlier. The present study investigates such
relations by presenting a sort-recall task to children 6–12 years of age. The to-be-learned pictures
belonged to different color or semantic categories. Only pictures with low within-category associa-
tions (e.g., dog–monkey instead of dog–cat) were used so as to examine the development of deliberate,
effort-demanding, grouping-strategy application that has been shown to depend on WM in adults.
Our main goal was to study whether children who successfully implemented the semantic-
grouping strategy at the encoding and retrieval phase (strategic children) had higher WMC  than
children who did not show such strategy use (nonstrategic children). In some studies, children were
classified as “strategic” based on above-chance clustering scores during sorting only. Although sorting
during study has regularly been used as a measure of conscious strategy use (Schneider & Pressley,
1997), and earlier studies reported positive correlations between sorting scores and recall, high sorting
scores alone do not assure that the sorted items were also actively encoded and retrieved in semantic
groups in LTM. Sorting-related increases in recall may  be caused by factors other than active encod-
ing in semantic groups, for example by having more intensively processed the items during sorting.
In the present study, we therefore classified children as strategic/nonstrategic based on their sorting
behavior and also according to their use of clustering during retrieval. High semantic clustering scores
during retrieval of material that is not highly associated is thought to indicate deliberate, effortful
use of the grouping strategy (Bjorklund, 1987; Bjorklund, Coyle, & Gaultney, 1992; Bjorklund & de
Marchena, 1984).
Another of the study’s aims was to analyze developmental differences. At what age are normally
developing children able to spontaneously use perceptual or semantic-grouping strategies and does
this use lead to higher recall? Before children become able to use a memory strategy spontaneously
and successfully, they may  experience (at least) two types of deficiencies. During the first, mediation-
deficiency phase (Reese, 1962), children do not spontaneously use a memory strategy and cannot be
prompted to do so. During the second, production-deficiency phase (Flavell, 1970), children do not
engage in spontaneous strategy use but are able to use it successfully after prompting. To examine
the occurrence of mediation versus production deficiencies, all children performed the sort-recall task
both without and with a nondirective grouping prompt. Earlier studies have shown that children aged
4–7 need elaborate training or explicit prompting about the to-be-grouped categories to be able to
use and benefit from grouping strategies (Carr & Schneider, 1991; Lange et al., 1990; Lange & Pierce,
1992; Moeley, Olson, Halwes, & Flavell, 1969). The present study adds to this literature by examining
whether and at what age children might benefit from a single nondirective grouping prompt. It might
be that from a certain age, children have sufficient skills and capacity to apply the strategy but do
not spontaneously use it. These children might benefit from a single nondirective grouping prompt
without requiring extensive training.
1. Method
1.1. Participants
A total of 83 participants from a primary school were divided into three age groups—6–7, 8–9 and
10–12 years; these groupings were based on the knowledge discussed earlier regarding age trends in
strategy use.
Demographic characteristics (age, group size, gender, IQ and attention scores and socioeconomic
status) are presented in Table 1. IQ scores were derived from a short form of the Wechsler Intelli-
gence Scale for Children (WISC-III, Dutch version), including the vocabulary and block design subtests,
that correlates .9 with the full test (Jeyakumar, Warriner, Raval, & Ahmad, 2004; Spreen & Strauss,
1998). Children with IQ scores below 80 were excluded. Children with diagnosed childhood disorders
like ADHD, ODD, CD, autism, or learning disorders, and children taking medication, were excluded
from participation. Because attention problems are highly related to WM deficits, effort was made
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Table  1
Demographic characteristics per age group.
Variable Age group
6–7 8–9 10–12
N 28 30 25
Gendera (% female) 50 57 64
Age 6.6 (.50) 8.6 (.50) 11.0 (.82)
Attention scoreb 54.2 (4.2) 54.6 (4.5) 54.5 (4.2)
Estimated IQc 109.8 (13.5) 107.8 (13.4) 107.6 (12.4)
SESd 5.5 (2.0) 6.2 (1.4) 5.3 (1.8)
Note. Standard deviations are depicted between brackets.
a There were no significant differences in gender between age groups (2(2) = 1.05, p > .1).
b None of the participants scored above the clinical threshold on the attention subscale of the CBCL. CBCL attention scores
did  not significantly differ between age groups (F(2,82) = .072, p > .1).
c IQ did not significantly differ between age groups (F(2,82) = .25, p > .1).
d Socioeconomic status (SES) was determined by Hollingshead (1975) occupational scale for the parent holding the higher
status job (1 or 2 = unskilled or unemployed positions, 3 or 4 = skilled or semiskilled labourers, 5 or 6 = managerial professions,
8  or 9 = major professions). Parental occupation data was not available for one child in each age group. SES was  not significantly
different between age groups (F(2,79) = 1.8, p > .1).
to exclude undiagnosed attention deficits by allowing parents to fill out the Child Behavior Check-
list (CBCL; Achenbach, 1991). Children scoring above the clinical threshold on the attention subscale
were excluded. A total of 0 children were excluded from participation based on one or more of these
criteria.
1.2. Procedure
Children were tested in a quiet room at their school in a single experimental session lasting approx-
imately 2 h. Tasks were administered in a constant order. In addition to the tasks reported on here,
children performed a computerized WM task that was administered in two separate parts. Each session
began with the first 4 blocks of a computer-presented memory task, followed by the first sort-recall
task. No grouping instructions were provided, and the child’s performance was  intended to reflect
spontaneous use of grouping strategies. After children completed the remaining 3 blocks of the mem-
ory task, a second sort-recall task was presented in which children were prompted to apply a grouping
strategy. At the end of the session, children completed the short-form WISC-III and digit-span forward
and backward tests.
Before the start of the first sort-recall task, the cards were placed on a 3-row-by-4-column array and
covered with a cloth. The layout of the cards was similar for all participants, with the restriction that
no two items from the same semantic or color category lay adjacently. The experimenter uncovered
the cards and children were instructed to label the pictures to verify that they were familiar with
each object. If a child did not know an object, the experimenter provided the correct name but took
care not to provide any reference to the corresponding semantic category. Because all of the pictures
were chosen based on familiarity rates for 5–6-year-olds (Cycowicz, Friedman, Rothstein, & Snodgrass,
1997), it was rare that a child did not know the correct name of a picture. Children were then instructed
to remember as many pictures as possible. They were told that the pictures would be removed after
a while, after which they would be asked to name as many pictures as possible. They were also told
they were allowed to move the pictures in any way  that might help their recall.
Following a 75-s study period, the experimenter made a photograph of the arrangement of the pic-
tures. The experimenter then removed the pictures from the child’s view and children were instructed
to count up to 50 for a period of 30 s. This served as a buffer-clearing task to control for any recency
or primacy effects. Children were then asked to recall as many items as possible. Recall was  voice
recorded. After the first silent period of 10 s in which the child did not report any additional pictures,
the experimenter asked whether there were any more pictures that the child could remember. After
another continued silence of 15 s, the task was ended.
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Table  2
Stimulus items per category in the two  sort-recall tasks.
Semantic category Standard task Instruction task
Fruit Peer (Pear) Ananas (Pineaple)
Aardbei (Strawberry) Kers (Cherry)
Citroen (Lemon) Meloen (Melon)
Druiven (Grapes) Appel (Apple)
Animals Dolfijn (Dolphin) Kat (Cat)
Hond (Dog) Olifant (Elephant)
Vogel (Bird) Koe (Cow)
Aap (Monkey) Zwaan (Swan)
Clothes Jas  (Coat) Hoed (Hat)
Rok (Skirt) Broek (Trousers)
Das (Tie) Want (Glove)
Sok (Sock) Jurk (Dress)
The second sort-recall task was identical with the exception that, before the start of this task,
children were told that it might be easier to remember the pictures if they placed the pictures in
groups that belong together. This instruction is considered nondirective because no hints were given
as to the perceptual or semantic categories into which pictures could be grouped. At the end of this
task, children were checked for color-blindness by asking them to label the four colors that were used.
1.3. Tasks
1.3.1. Sort-recall task
The material for the sort-recall task comprised two stimulus sets of 12 black-and-white line draw-
ings of objects printed on 6 cm × 5 cm cards. The borders of the cards (0.2 cm)  were printed in one of
four colors (green, blue, brown or gray). The objects in each set could be grouped according to semantic
category (four objects from three distinct categories; see Table 2) and/or by color. For each stimulus
set, different pictures of objects (from the same semantic categories) were used, and the two  stimulus
sets were counterbalanced across the two sort-recall tasks and across age groups.
The choice of line drawings in the two stimulus sets was based on several considerations. First,
semantic categories of stimuli were selected that were common to children within this age range. This
selection was  undertaken based on familiarity rates for 5- and 6-year-olds (Cycowicz et al., 1997). This
procedure yielded highly and equally familiar objects from the three semantic categories. Second, only
object stimuli were included that consisted of 3–7-letter words. This restriction ensured that differ-
ences in recall performance could not be attributed to the fact that short-item words are better recalled
than long-item words (Neath, Bireta, & Surprenant, 2003). Finally, the least-associated items within
each category were selected to constitute the two stimulus sets. This selection was  accomplished by
means of a pilot study with adults in which all possible combinations of pairings of two  pictures from
the same semantic category were presented to a group of 13 adults. These adults rated the level of
association between items on a 10-point scale (1 = low association and 10 = high association). Mean
association scores for all pairs per category fell between 2.3 and 2.7 (SD between 1.5 and 1.9). Adults
were instructed that the extent of association could be based on different features and that the ratings
should be based on their first impressions. The rationale for including adults in this pilot study was
that if adults, with their elaborate knowledge bases, were to rate item pairs as having a low semantic
association, one can assume this would be the case for children.
1.3.2. Short-term memory and working memory tasks
The digit-span forward and digit-span backward tests, adapted from the Wechsler Intelligence
Scale for Children (WISC-III, Dutch version), were used as measures of STM and WMC  (Gathercole,
Pickering, Ambridge, & Wearing, 2004; St Clair-Thompson, 2010).
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Table  3
Mean semantic sorting and retrieval clustering scores and percentages of children showing meaningful strategy use (ARC
scores  ≥ .5) by age and instruction condition.
Age group
6–7 score Percent 8–9 score Percent 10–12 score Percent
Short-term memory 6.5 (1.4) 6.8 (1.4) 7.9 (1.3)
Working memory 3.4 (1.0) 4.7 (1.4) 5.3 (2.0)
Standard task
Sorting −.13 (.55) 18% −.08 (.58) 23% .41 (.69) 60%
Retrieval .01 (.53) 18% −.01 (.51) 17% .52 (.61) 68%
Recall 7.6 (2.3) 8.2 (2.0) 10.5 (1.8)
Instructed task
Sorting .27 (.61) 46% .59 (.60) 70% .86 (.36) 92%
Retrieval .21 (.56) 39% .51 (.51) 57% .76 (.32) 80%
Recall 6.6 (2.4) 8.8 (2.3) 10.3 (1.5)
Note. Short-term memory is assessed by the WISC forward digit span task and Working memory by the WISC backward digit
span task.
1.4. Scoring strategy use
The procedures for scoring strategy use were similar to those used in most prior research. Adjusted
ratio of clustering (ARC) scores (Roenker et al., 1971) were used to assess the amount of color or
semantic sorting during study and clustering at retrieval. The ARC score does not vary systematically
with the number of recalled items (Murphy, 1979), making it an appropriate measure of strategy use
when different levels of recall are expected for different groups, as in the present case. In the present
study two types of clustering (ARC) scores are calculated. First, the sorting ARC score that reflects
strategy use during the study phase of the task and reflects the extent to which pictures from the
same color or semantic category are sorted in successive order above a certain chance level. Second,
we calculated an ARC retrieval clustering score by counting the words belonging to the same color
or semantic category that were recalled in successive order above a certain chance level during the
retrieval phase of the task. ARC scores vary between −1 and 1, with a score of 1 reflecting perfect
sorting or retrieval clustering, a score of zero indicating sorting or retrieval clustering at chance level,
and a score below zero representing sorting or retrieval clustering below chance level. In calculating
the ARC sorting score, a repetition was counted if two  pictures of the same semantic category or color
were laid above, below or next to one another. Intrusions and perseverations were not included in
calculating the ARC retrieval scores. Following Coyle and Bjorklund (1997),  sorting during study or
clustering at retrieval was considered to be meaningful (i.e., children were considered strategic) when
clustering scores were equal to or greater than .5. An ARC score of .5 reflects a value of slightly more
than one standard deviation greater than sorting or clustering expected by chance.
2. Results
Due to non-normal distributions, all data were log-transformed prior to statistical analysis. Because
no meaningful patterns appeared for color sorting or retrieval (ARC scores < 5), only analyses for
semantic sorting and retrieval are reported.
2.1. Developmental differences in the sort-recall task
Table 3 presents mean ARC scores for semantic sorting during study and clustering during retrieval,
mean recall, and percentage who sorted or clustered above chance levels (ARC scores ≥ .5), as a function
of age and instruction condition. Mixed design repeated measures ANOVA’s were performed with age
(6–7, 8–9, and 10–12) as between-subjects factor and instruction (no instruction, grouping instruction)
as within-subjects factor to study development of strategy use and effects of instruction.
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2.1.1. Sorting during study
Analysis of semantic sorting– scores during study yielded main effects of instruction (no instruction
vs. grouping instruction) and age group (6–7, 8–9, and 10–12), F(2,80) = 45.8, p < .00001, 2p = .36,
and F(2,80) = 9.5, p = .001, 2p = .19, respectively. Semantic sorting was higher in the instructed task
than in the non-instructed standard task (p < .00001). Post hoc analyses showed that semantic sorting
scores were higher among 10–12-year olds than among either 8–9-year-olds or 6–7-year-olds (p < .05
and p < .001, respectively), who did not significantly differ from each other (p = .45). Mean group ARC
scores (Table 3) indicate that, before instruction, semantic sorting approached meaningful levels only
among 10–12-year-olds. After instruction, both 8–9-year-olds and 10–12-year-olds had meaningful
ARC sorting scores, whereas 6–7-year-olds did not sort meaningfully before or after instruction.
2.1.2. Clustering at retrieval
For clustering at retrieval, main effects of instruction and age were found, F(2,80) = 15.5, p < .001,
2p = .16, and F(2,80) = 12.9, p < .0001, 2p = .25, respectively. Semantic clustering at retrieval was
higher in the instructed task than in the non-instructed task (p < .001). Scores were higher among
10–12-year-olds than 8–9-year-olds or 6–7-year-olds (p < .01 and p < .00001, respectively), and the
latter two groups did not differ significantly from one another (p = .51). Before instruction, semantic
ARC retrieval scores were meaningful (ARC ≥ .5) only in 10–12-year-olds (Table 3). After instruction,
both 8–9-year-olds and 10–12-year-olds had meaningful ARC retrieval scores, while scores were below
chance levels among 6–7-year-olds both before and after instruction.
2.1.3. Recall
A significant age × instruction interaction was found for recall scores, F(2,80) = 3.6, p < .05, 2p = .08.
A main age effect appeared for the non-instructed task, F(2,80) = 11.8, p < .0001, 2p = .23. The 10–12-
year-olds showed higher recall than either 6–7- or 8–9-year-olds (p < .0001 and p < .01, respectively).
Recall performance did not significantly differ between 6–7- and 8–9-year-olds (p = .59). For the
instructed task, a main effect of age was found, F(2,80) = 17.6, p < .00001, 2p = .31. The 8–9-year-
olds had recall scores similar to 10–12-year-olds (p = .13). Both groups showed higher recall than
6–7-year-olds (p < .001 and p < .00001, respectively).
2.2. Relations among age, strategy use and recall
Correlations are presented in Table 4. Significant positive correlations between ARC sorting and
recall scores and between ARC retrieval and recall scores were found in 10–12-year-olds in both
standard and instructed task (except that the correlation between ARC sorting and recall was not
significant in the instructed task). In 8–9-year-olds, these correlations only reached significance in
the instructed task, while 6–7-year-olds showed no significant correlations in either task. ARC sorting
scores were positively correlated with ARC retrieval scores in all age groups in both standard and
instructed tasks, except that among 6–7-year-olds, this correlation was non-significant in the standard
task.
In sum, neither of the instruction conditions led to above-chance semantic sorting or retrieval
clustering scores among the youngest children, indicating that they were mediation deficient. The
8–9-year-olds did not spontaneously sort or cluster according to semantic category but had above-
chance sorting and retrieval clustering scores after having received a nondirective grouping prompt.
This prompt was also related to higher recall, showing they were production deficient. The 10–12-
year-olds had above-chance sorting and retrieval-clustering scores in both instruction conditions that
were consistently related to higher recall, demonstrating that they were consistently strategic.
2.3. The role of STM/WM in successfully using semantic grouping strategies
To investigate the role of STM and/or WMC  in the successful use of the semantic grouping strategy,
we performed two types of analyses. First, we  performed mediation analyses to examine whether
STM/WMC  is a significant mediating factor in the relationship between semantic strategy use and
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Table  4
Pearson’s correlations between sorting during study, clustering at retrieval, recall and STM and WM by task and age group.
Age group
6–7 8–9 10–12
STM-WM −.02 .15 .03
Standard task
Sorting–clustering .30 .46** .45*
Sorting–recall .16 .24 .59**
Clustering–recall −.15 .10 .61**
STM-sorting −.01 .25 .22
STM-clustering −.09  .46* .01
STM–recall −.04 .01 .32
WM–sorting .15 .19 .09
WM–clustering −.05 .08 .21
WM–recall .08 .23 .38***
Instruction task
Sorting–clustering .49** .52** .54**
Sorting–recall .25 .42* .07
Clustering–recall .13 .40* .45*
STM–sorting −.10 .23 .24
STM–clustering .02 −.04 .28
STM–recall −.09 −.07 .24
WM–sorting .40* −.24 −.02
WM–clustering .20 −.00 .20
WM–recall .24 .07 .42*
Note. STM: short-term memory; WM:  working memory.
* p < .05.
** p < .01.
*** p = .064 (trend-significant).
recall. Second, we performed a between-group analysis to test whether children who successfully
used the semantic grouping strategy had higher STM and/or WMC  than children who did not use this
strategy.
2.3.1. Mediation analyses
We  followed recommendations from Baron and Kenny (1986),  who stated that a full mediation
analysis involves studying the following three relations: (1) between the independent variable and
the mediator, (2) between the independent variable and the dependent variable, and (3) between
the mediator and the dependent variable after controlling for the independent variable. If these are
significant, the Sobel test (Sobel, 1982) can be performed to determine whether the effect of the inde-
pendent variable on the dependent variable is significantly less when the effect of the mediator is
taken into account. The mediation analysis was performed over the full sample (n = 83), based on rec-
ommendations by Mackinnon, Warsi and Dwyer (1995) that a minimal sample size of 50 is required to
obtain sufficient power to detect significant mediation effects. To include both spontaneously strategic
and production deficient children, the mediation analysis was  performed on data from the instructed
condition.
For STM, correlations for both sorting and retrieval showed that not all three criteria were met  to
perform the Sobel test (for sorting, the first correlation was not significant, while for retrieval clus-
tering, the third correlation was not significant). Thus, STM did not mediate the relationship between
sorting and recall or between clustering at retrieval and recall. Concerning WMC,  for the sorting strat-
egy a borderline significant correlation was  found between ARC scores and WMC  (r = .20, p = .074) and
a significant correlation between ARC scores and recall (r = .42, p < .0001) and between WMC  and recall
after controlling for sorting (r = .38, p < .001). Despite the borderline-significant first correlation, the
Sobel test was performed, revealing that WMC  did not mediate the relation between sorting and recall,
z = 1.58, p > .1. For the clustering retrieval strategy, significant correlations were found between (1) ARC
retrieval scores and WMC  (r = .31, p < .01), (2) ARC retrieval scores and recall (r = .51, p < .00001), and
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Fig. 1. Mean recall, STM and WM scores among strategy users and nonstrategy users.
(3) WMC  and recall after controlling for clustering at retrieval (r = .33, p < .01). As all three criteria for
mediation were met, the Sobel test was performed and showed a significant mediation effect, z = 2.05,
p < .05, indicating that WMC  was a significant mediator in the relation between clustering at retrieval
and recall.
2.3.2. Differences in STM/WMC  between strategy and non-strategy users
These analyses involved several steps. First, children were divided into two  groups of strategy
or non-strategy users independent of age. A child was  assigned to the strategic group when ARC
scores were ≥.5 (see Table 3). Strategy groups were formed separately for sorting and clustering
retrieval strategies. The assignment to strategy groups was based on sorting and retrieval clustering
scores in the instructed condition so as to include production-deficient children. Second, by apply-
ing Mann–Whitney tests, we examined whether strategy users and non-strategy users differed in
their recall performance and STM/WMC. Third, the relationship between recall and STM or WMC
was examined by computing correlations between recall and digit-span forward (STM) and backward
(WM)  scores separately for strategy and non-strategy users. For all analyses, two-tailed significance
levels of p < .05 were adopted.
For the sorting strategy, there were 57 strategic and 26 non-strategic children. For the clustering
retrieval strategy, there were 48 strategic and 35 non-strategic children. Mann–Whitney tests showed
significantly higher recall among children who applied the sorting strategy, U = 1060, p < .01 and chil-
dren who applied the clustering retrieval strategy, U = 1276, p < .0001, than among those who did
not. Furthermore, whereas forward digit-span scores were borderline higher among strategic sorters
compared to nonstrategic sorters, U = 932, p = .056, forward digit-span scores did not differ between
children who did or did not apply the clustering retrieval strategy, U = 981, p > .1 (see Fig. 1). In con-
trast, backward digit-span scores did not significantly differ between children who did or did not use
the sorting strategy, U = 855, p > .1, while children who applied the clustering retrieval strategy had
significantly higher backward digit-span scores than children who  did not use this strategy, U = 1088,
p < .05 (Fig. 1).
Again, there were no significant correlations between STM and recall in the strategic or non-
strategic groups (ps > .1). As expected, WMC  did correlate significantly with recall among children
who successfully applied the clustering retrieval strategy (r = .40, p < .01) but not in non-strategic
clusterers (p > .1). The WM-recall relationship was also significant among the group of strategic
sorters (r = .45, p < .001) while not among non-sorters (p > .1). This finding is likely due to the
large overlap (42 participants) between strategic sorting and clustering retrieval groups. A hierar-
chical regression analysis in the group of strategic sorters, with WMC  entered in the first block
and ARC sorting and ARC retrieval scores in the second block, showed that WMC  explained 20%
(p < .001) and retrieval clustering an additional 21.6% (p < .0001) of the variance in the recall scores
of the strategic sorters, whereas sorting did not explain any additional variance. Fig. 2 shows the
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Fig. 2. Correlation between recall and WMC  in nonstrategy users (Panel A, left) and strategy users (Panel A, right) for sorting.
Some points represent two or more participants. Cook’s D was  calculated to trace potential outliers that may  have influenced the
correlations. This revealed three cases with large Cook’s D values in strategic children. Excluding these cases did not substantially
lower the correlation between WMC  and recall (r = .42, p < .01). The correlation between recall and WMC  for retrieval clustering
appears in Panel B (left for nonstrategy users and right for strategy users). Three cases with large Cook’s D values appeared in
strategic children. Excluding these cases did not substantially lower the correlation between WMC  and recall (r = .46, p < .01).
scatter-plots that depict the correlation between WMC  and recall in all strategic and nonstrategic
groups.
Finally, to also investigate the role of STM and WMC  in the prediction of recall performance above
strategy use in the entire sample, we performed a regression analysis entering semantic sorting and
clustering retrieval scores in the first step and STM and WM scores in the second step. This analysis
demonstrates that WMC  (but not STM) additionally explains 9.2% (p < .01) of the variance in recall
scores above semantic sorting and clustering retrieval scores.
3. Discussion
The primary aim of the present study was to investigate whether working memory is an impor-
tant determinant of the efficient use of semantic grouping strategies in children. A second aim was
to investigate the mean age at which children begin to spontaneously use color or semantic grouping
strategies that improve memory, along with the age at which a single nondirective grouping instruc-
tion leads to the successful application of the strategy in non-spontaneous users. This was  investigated
T.M.J. Schleepen, L.M. Jonkman / Cognitive Development 27 (2012) 255– 269 265
by having 6–12-year-old children perform a sort-recall task with pictures that belonged to different
color or semantic categories. The tasks were performed twice, once without and once with a nondirec-
tive prompt in which children were told that grouping pictures that belong together might improve
recall (the categories were not mentioned).
Results showed that only 10–12-year-olds were able to spontaneously and successfully use the
semantic grouping strategy. Semantic grouping strategy use was  absent in 6–7-year-olds, while chil-
dren aged 8–9 only (successfully) used this strategy after prompting. The role of STM and/or WMC
(as inferred from forward and backward digit-span tests, respectively) was investigated by perform-
ing mediation analyses and testing whether strategy users had higher recall and higher STM/WM
than non-strategy users. Both types of analysis suggested that WMC  (and not STM) mediates the
development of successful use of the semantic grouping strategy.
3.1. Developmental differences in the use of semantic grouping strategies
Color-grouping scores during sorting and retrieval were below chance levels in all age groups and
will not be further discussed. Developmental differences in the deliberate application of the semantic
organizational strategy and the role of WM were investigated by only including items that had low
associations within their category (Bjorklund & de Marchena, 1984; Bjorklund & Jacobs, 1985). Dur-
ing the study phase, the categorization of less-associated items into semantic categories demanded
that children consciously and deliberately search for categories and to subsequently actively encode
the items in these categories. These categories could then be used as retrieval cues to facilitate later
recall. By comparing sorting, clustering retrieval and recall scores across age groups in the sort-recall
task without instruction, information was obtained regarding the age at which children showed
spontaneous strategy use. Below-chance ARC sorting and clustering retrieval scores were found in
6–7-year-olds and 8–9-year-olds, signifying that they did not spontaneously sort or retrieve the pic-
tures in semantic categories. In contrast, among 10–12-year-olds, sorting and retrieval-clustering
scores were above-chance level, and sorting, clustering and recall scores were significantly higher
than among 6–9-year-olds. Moreover, sorting, clustering retrieval and recall scores significantly cor-
related with each other only among 10–12-year-olds, demonstrating that strategy use was  successful.
After receiving a non-directive grouping prompt, the 6–7-year-olds still showed no meaningful sort-
ing during study or retrieval, and their recall performance was  significantly lower than that of older
children. However, among (spontaneously nonstrategic) 8–9-year-olds, the non-directive grouping
prompt caused them to become as strategic as the (spontaneously strategic) 10–12-year-olds. Addi-
tionally, positive correlations between sorting during study, clustering at retrieval and recall appeared
in both 8–9- and 10–12-year-olds.
Integrating the results from both instruction conditions, it can be concluded that 6–7-year-olds
were mediation deficient: they did not spontaneously use memory strategies and could not be
prompted to do so (Bjorklund, Miller, Coyle, & Slawinski, 1997). In contrast, 8–9-year-olds were pro-
duction deficient: they only used the strategy after prompting but with recall benefits (for review,
see Schneider & Pressley, 1997). Finally, 10–12-year-olds were consistently strategic, also without
prompting.
The finding of the absence of spontaneous use of the semantic grouping strategy before age 9 is
consistent with earlier findings (Bjorklund & de Marchena, 1984; Bjorklund & Jacobs, 1985). The start
of spontaneous semantic grouping from age 10 is in line with a study by Moeley, Olson, Halwes, and
Flavell (1969) but in contrast with findings by Bjorklund and colleagues (Bjorklund & de Marchena,
1984; Bjorklund & Jacobs, 1985), who reported effective use of semantic organization strategies
with loosely associated materials only beginning at age 13. Schneider, Borkowski, Kurtz and Kerwin
(1986) reported that 9-year-old German children, but not 9-year-old American children, were able
to spontaneously use the semantic organization strategy. These different findings might indicate that
European children show earlier emergence of the semantic grouping strategy, possibly due to differ-
ences in teaching practices or metacognitive awareness (Kurtz, Schneider, Carr, Borkowski, & Rellinger,
1990).
The present results add to the memory-strategy training literature by demonstrating that, whereas
8–9-year-olds do not use semantic organization strategies spontaneously, they do not need extensive
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training in strategy use to do so effectively; a single prompt to group pictures that belong together
appears to be sufficient at this age. Children younger than 8 years, however, may  need more exten-
sive training to achieve semantic grouping skills. This finding is consistent with the results of earlier
studies that have demonstrated that with elaborate training, including demonstration and prac-
tice in using semantic features to encode and retrieve information, as well as receiving feedback,
4–7-year-olds were able to apply semantic organization strategies and demonstrate enhanced recall
(Carr & Schneider, 1991; Lange et al., 1990; Lange & Pierce, 1992; Stevens, 2002). The reason that a sin-
gle non-directive grouping prompt only triggered strategy use from age 8 onward might be that around
this age, important development in awareness about representations and their logical relatedness is
taking place (Demetriou & Kazi, 2006; Demetriou, Spanoudis, & Mouyi, 2011).
3.2. Roles of short-term and working memory in children’s effective semantic strategy use
Two types of analyses were performed to answer the main research question of the degree to which
STM and/or WMC  contribute to the ability to successfully apply semantic grouping strategies. Both
indicated that, while the successful application of the sorting strategy placed no significant demands
on WMC  (or STM) in 6–12-year-olds, successful application of the clustering-retrieval strategy was
dependent on WMC  and not on STM. This conclusion was based on the following findings: (1) STM
neither mediated the relation between sorting and recall nor between clustering at retrieval and recall,
(2) WM only mediated the relation between clustering at retrieval and recall, and not between sort-
ing during study and recall, (3) WMC  (not STM) was  significantly higher in children who  successfully
applied the semantic grouping strategy during retrieval than in children who did not do so, while
there were no significant WMC  or STM differences between sorters and non-sorters and (4) WMC
correlated with recall in both the strategic sorting and clustering retrieval groups (but not in the two
non-strategic groups). However, there was a large overlap among strategic sorters and clusterers (73%
of the strategic sorters also used the semantic clustering strategy during retrieval), and a regression
analysis indicated that only clustering-retrieval scores (not sorting scores) explained additional vari-
ance in recall above WM-span scores in sorters. The finding that the application of the sorting strategy
consumes little of children’s WM resources is in line with a study by Kron-Sperl et al. (2008),  who
reported that STM (not WMC)  significantly predicted recall in children who consistently applied the
sorting strategy. In our study, STM differences between sorters and non-sorters were only borderline
significant. The low dependency of sorting on WMC  might mean that with loosely associated materials,
sorting does not automatically lead to active encoding (and subsequent retrieval) of items in semantic
clusters. Thus far, WM has been found to play an important role in semantic memory strategy use in
adults (Gaultney, Kipp, & Kirk, 2005; McNamara & Scott, 2001; Rosen & Engle, 1997) and in cumulative
rehearsal strategies in children (Lehmann & Hasselhorn, 2007). The present findings add to this litera-
ture by demonstrating the importance of WMC  in the efficient use of semantic organization strategies
during encoding and retrieval among children.
The present data do not answer the question of how WM mediates recall in children who make
efficient use of semantic organization strategies. One can, however, speculate in this regard on the
basis of prior studies in adults. During the encoding of categorized word lists, the central executive
component of WM (Baddeley & Hitch, 1974) is thought to play a role in mediating organizational
strategies (Gershberg & Shimamura, 1995) and in maintaining constant conscious awareness of the
to-be-encoded targets (Moscovitch, 1992, 1994). During the retrieval of categorized lists, the central
executive is only needed during controlled search for earlier stored category names, which would then
automatically trigger the category items (Cinan, 2003; Rosen & Engle, 1997). Dual-task studies in adults
that manipulated available executive resources showed that when the number of to-be-retrieved cat-
egory names is low, minimal demands are placed on the central executive during retrieval (Cinan,
2003; Johnston, Rollie, & Griffith, 1972). During encoding, however, the effects of performing a sec-
ondary task that consumed central executive resources was much stronger and always compromised
recall, independent of the number of categories in the to-be-learned list (Cinan, 2003). In light of these
results, we hypothesize that WM influences children’s recall by mediating the influences on strat-
egy use and attention regulation during the encoding phase of the task. Future work, manipulating
categories and the availability of resources could further examine this hypothesis.
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Whereas the present results show that children need sufficient WMC  to be able to apply semantic
grouping strategies with success (i.e., with recall benefits), other developmental studies suggest that
improvements in WM performance or cognitive control are in themselves caused by developmental
changes in cognitive flexibility or increased levels of consciousness. For instance, Camos and Barrouillet
(2011) concluded that improvements in WM performance between 7 and 9 years of age were due to
increases in cognitive (attentional) flexibility enabling older children to regularly switch attention
between maintenance and processing, preventing the decay of information with time. The same cog-
nitive flexibility that is needed in WM tasks might be necessary to switch between the processing of
the items in categories and the maintenance (rehearsal) of already-stored items in the sort-recall task.
Zelazo (2004) introduced his levels of consciousness (LOC) model that describes age-related changes
in the degree of self-reflection that children can display, which is thought to have consequences for
the potential for recall and the complexity of children’s explicit knowledge structures. When children
do not enter a certain (higher) level of consciousness on their own, they might be triggered to do so
if provided with labels or prompts. Applying this model to our findings, the grouping prompt might
have triggered 8–9-year-olds to reflect on their representations at a higher consciousness level, mak-
ing them aware of the semantic associations, which they subsequently encoded. The system might
have been insufficiently mature among 6–7-year-olds to achieve a higher level of consciousness based
on our non-specific prompt.
Effort-demanding memory strategies such as semantic organization are fundamental for academic
learning and everyday functioning. Those undertaking interventions to enhance children’s use of such
strategies might determine whether children have weaknesses in WM.  If so, training can be aimed
at increasing WMC  (Dahlin, Backman, Neely, & Nyberg, 2009; Klingberg, 2010; Morrison & Chein,
2011), thereby promoting acquisition of efficient organizational memory skills. Also, remedial teachers
should screen for WM impairments at an early age so that training can be introduced if indicated.
Such efforts are important because children who  are able to use more efficient strategies may  have an
advantage in the learning and application of cognitive skills (Bauer, 1977).
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